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Introduction
Household expenditure surveys are an important source of data to analyze private consumption behaviours. The main issue with cross-sectional survey data is the high percentage of observations with reported zero expenditures that requires the use of appropriate limited dependent variable techniques in order to assure the consistency of estimation results (Maddala, 1983; Amemiya, 1984; Jones, 1989; Pudney, 1989) .
In this paper we investigate household tobacco expenditures in Italy, by controlling for demographic and socio-economic characteristics, and address the issues connected to limited dependent variable models, by an approach based on a double-hurdle specification (Cragg, 1971; Jones, 1989; Yen and Jones, 2000) . From a policy perspective, the knowledge of the impacts of socio-demographic variables on tobacco expenditure may help the design of public health programs to achieve smokingreduction objectives. On the other hand, empirical studies (Blundell and Meghir, 1987; Jones, 1989; Blaylock and Blisard, 1993; Garcia and Labeaga, 1996; Yen and Jones, 1996) have shown the inadequacy of the standard Tobit model (Tobin, 1958) in crosssectional analysis, connected with its failure in accounting for differences concerning the generation of zero observations. Since it is implausible that all zero observations in tobacco consumption arise from standard corner solutions generated by a constrained budget, we want to emphasize the importance of double-hurdle specifications distinguishing between abstentions and corner solutions. Thus, participation and consumption decisions are assumed to stem from two separate individual choices and the determinants of the two decisions are allowed to differ.
The maximum-likelihood estimator used in the double-hurdle model is sensitive to misspecification issues. As shown by Arabmazard and Schmidt (1982) , maximum likelihood estimates will be inconsistent if the bivariate normality assumption is violated. One way to correct for the non-normality of the error terms, providing to generalize the standard double-hurdle model, consists in applying a Box-Cox transformation on the dependent variable (Yen, 1993; Yen and Jones, 2000) . In this way we can encompass, besides the standard double-hurdle model, a wide range of specifications, that differ for the distributional assumptions on the error terms, and test the best model to rationalize the data.
Standard Tobit model, standard Double-hurdle model with independence and BoxCox Tobit model seem to be restrictive specifications, confirming both the violation of the bivariate normality assumption and the existence of separate individual decisions on participation and consumption. Moreover, the independence of the errors for the BoxCox double-hurdle is not rejected by the data, concluding that the non-normal specification with independent errors is the best model to account for household behaviours on tobacco expenditures.
The remainder of the paper is organized as follows: in the next section we discuss econometric methods. In particular, we review both participation and consumption equations in the standard double-hurdle model as well as the extended specification based on the Box-Cox transformation of the double-hurdle model. In Section 3 discusses data and variables used in the empirical analysis are discussed and factors influencing participation and consumption equations are examined. In Section 4 specification and estimation results are presented and discussed, with specific attention devoted to the nested strategy used to derive the best specification and to the analysis of estimated parameters and elasticities. Section 5 offers some concluding comments.
Econometric Method
Several demand studies have used the Tobit model (Tobin, 1958) to estimate demand relationships with limited dependent variables. The Tobit specification is, however, very restrictive for both economic and statistical reasons. According to the Tobit framework, zero consumption observations arise from standard corner solutions generated by a constrained budget; for commodities like tobacco or alcoholic beverages, it is nevertheless implausible that all zeros represent corner solutions. Moreover, the Tobit model assumes that the same set of variables determine both the probability of a nonzero consumption and the expenditure level.
Recent empirical analyses have shown the inadequacy of the standard Tobit model in cross-sectional analysis of tobacco consumption, stressing the relevance of a doublehurdle approach for microeconomic analysis of tobacco consumption (Jones, 1989; Blaylock and Blisard, 1992; Garcia and Labeaga, 1996; Yen and Jones, 1996; Labeaga, 1999) . The main feature of the double-hurdle model is that participation and consumption decisions are assumed to stem from two separate individual choices and the determinants of the two decisions are allowed to differ.
The double-hurdle model, originally proposed by Cragg (1971) , assumes that two separate hurdles must be passed before a positive level of consumption can be observed.
In the context of tobacco consumption analysis, the first hurdle involves the decision of whether or not to smoke (participation decision). It is reasonable to assume that the choice of smoking is not only an economic decision, but also influenced by social and demographic factors which are independent of the quantity consumed. The second hurdle concerns the level of tobacco consumption to choose (consumption decision).
We now turn to the econometric specification of the model. Both hurdles are assumed to be linear in the parameters ( , α β ), with disturbance terms u and v randomly distributed with a bivariate normal distribution. The matrices z and x include the variables that are assumed to influence participation and consumption decisions, respectively. Formally, following Jones (1989) and Pudney (1989) , the bivariate model can be written as:
ii) Participation equation: reason, in double-hurdle models, differently from Heckman selection model (Heckman, 1979) , in which zeros are not affected by the consumption decision, observed zero expenditures are the result of either participation or consumption decisions and potential smokers may have zero tobacco expenditure.
In the present analysis, different double-hurdle models are used to analyze household tobacco expenditure patterns, with particular attention devoted to the specification of the stochastic structure of the model by testing whether the assumptions of bivariate normality, homoscedasticity and independence of the error terms across participation and consumption equations are acceptable.
To account for the presence of heteroscedasticity, the variance of the error terms specified it as a function of a set of continuous variables:
where is a vector of continuous variables included in x (
and h is a conformable vector of coefficients (Yen, 1993; Yen and Jensen, 1996; Newman et al., 2003) .
The assumption of correlated error terms allows for the possibility that participation and consumption decisions are simultaneously taken. In particular, we assume that u and v are distributed as a bivariate normal:
where ρ is the correlation coefficient. 
where denotes the standard normal CDF (univariate or multivariate) and Φ φ is the univariate standard normal PDF.
In empirical applications it is common to assume that u and v are independent (i.e. 0 ρ = ).
Under this hypothesis we obtain the original formulation proposed by Cragg (1971) .
b) Heteroscedastic Double-hurdle model with independent error terms
separately and that there is a feedback effect from the level of consumption to the participation decision (Atkinson et al., 1984; Deaton and Iri This model hypothesizes that the participation and consumption decisions are made sh, 1984; Blaylock and Blisard, 1993) . In the present analysis we do not make any a priori assumption on the correlation structure of the error terms; differently from other studies (Yen and Jensen, 1996; Moffat, 2003; Newman et al., 2003) As suggested by Yen (1993) and Jones and Yen (2000) , one way to correct for the non- 
Model (c) is a general model that nests all the other three double-hurdle specifications presented and also encompasses a wide range of standard limited dependent variable models (Jones and Yen, 2000) .
The economic interpretation of limited dependent variable models frequently focuses on the analysis of the marginal effects of regressors on the expected value of i y (Jones and Yen, 2000) , which can be decomposed into an effect on the probability of purchase and an effect on the conditional level of expenditure 1 . The unconditional mean of i y in the Box-Cox Double-hurdle model can be written as:
The conditional expectation of
participation and consumption 2 ,
can be written as:
and, assuming independence between error terms of
Given independence, the probability of a positive consumption level is:
Marginal effects can be obtained by differentiating equations (13), (14) and (15) with respect to each explanatory variable 3 . From these marginal effects, elasticities can be onal mean with respect to regressor derived. In particular, using equation (12), the elasticity of the conditi ij x can be written as:
where the two addends are the elasticity of the probability of observing a positive expenditure ( to one, holding ll the other variables constant (Yen and Jones, 1996; N man et al., 2003) .
Data and Variables
The data used in the empirical analysis are taken from the 2002 Italian Household Budget Survey, which is conducted by the It T represents the main an ption behaviours of Italian households. The ISTAT survey covers a random sample of 27499 households throughout the country and provides detailed information on family expenditures (non-durable and durable) as well as on household socioeconomic and demographic characteristics. Data on non-durable consumption are collected in a diary that records household expenditures on a wide range of non-durable goods and services over a one-week period and is subsequently expressed on a monthly basis. No price or quantity information is reported and consumption of each good or service is measured as reported expenditure. Moreover, data refer to the household rather than to individuals, providing no information on intra-household income allocation and making it necessary to account for family composition effects when analysing the demand for certain non-durable goods.
In this analysis, household monthly expenditure on cigarettes and tobacco is used as the dependent variable. As already underlined, the ISTAT survey only records the value of household expenditures and so quantity and quality effects cannot be identified and analyzed. Since the survey does not provide any information on the presence of smokers in the household, inference on participation in tobacco consumption has to be made on the sample statistics, are presented and fully described in Table 1 . They include household basis of recorded expenditure, identifying non-smoking households as those with zero tobacco expenditure. Expenditures on tobacco, as all expenditures on commonly used non durable goods, are monitored for only one week. The fact that the collection of information only covers a seven-day period, with a 33.4 percent of consuming households, introduces some room for undetected infrequency of purchases. However, for commodities like tobacco, it is unlikely that observed zero expenditures capture infrequent purchases and they probably stem from abstentions or corner solutions (Garcia and Labeaga, 1996) . Using household data to model tobacco consumption, which is mainly the result of an individual decision, may generate some bias in the analysis of consumption behaviours. For this reason, it is necessary to correctly account for family size and composition effects as well as for the socio-economic characteristics of the household, since the household situation plays an active role in modifying individual preferences.
Household tobacco expenditures are assumed to be expressible as a linear combination of explanatory variables that are assumed to separately affect participation and consumption decisions. The explanatory variables selected, together with their income (proxied by total expenditure), alcohol consumption, the head of the household's age, and dummy variables indicating education, marital status, gender and wo r fourteen years of age.
devoted firstly to the choice of the most appropriate model specification and then to the analysis of the effects of expla calculating and decomposing elasticities.
Specification
households.
rking status of the household's head, the presence of children under fourteen years old, home ownership, and participation in alcohol consumption.
All expenditure variables are expressed in real terms, by deflating current values using ISTAT regional price indexes, in order to account for price variability across regions. Moreover, in order to obtain a per-equivalent adult measure of household consumption, all expenditure variables are adjusted for family size by using the modified OECD equivalence scale, which assigns a weight equal to one to the first adult in the household, 0.5 to each other adult and 0.3 to each child unde (Table 1 about here)
Results
In this section, estimation results are presented and discussed, with specific attention natory variables by
Model
One of the main objective of this paper is to test whether univariate or bivariate models are adequate for analysing tobacco consumption behaviour of Italian
All the double-hurdle specifications discussed in Section 2 have been estimated by maximizing the logarithm of the likelihood functions (6), (7), (10) rticipation or consumption equations is and restriction to smoking due to security reasons or to health guidelines for public places.
regressors for participatio explanatory variables to be included in the two hurdle does not rest on any a priori theory and may be somewhat arbitrary. Given that the inclusion of the same set of regressors in trictions must be imposed . In empirical applications the first hurdle is usually assumed to be a function of non-economic factors affecting household's smoking decision, so that income variables can be excluded from the first equation (Newman et al, 2003) . The exclusion of economic variables is motivated by the discrete random preference theory, according to which sample selection is determined exclusively by non-economic factors (Pudney, 1989; Yen, 2005) .
The foregoing arguments require, before presenting estimation results, a discussion of the explanatory variables included in the model. The independent variables considered are intended to encompass the determinants of both smoking participation and tobacco consumption decisions and their choice rests on suggestions taken from previous empirical literature (Jones, 1989; Blaylock and Blisard, 1992; Garcia and Labeaga, 1996; Yen and Jones, 1996; Yen, 2005) and on more specific issues connected with identification problems. Their inclusion in either pa justified by economic, demographic and sociological factor, such as habit formation, information and social awareness on damages and health risks connected with smoking 4 In estimating the final model we started with a specification that included all explanatory variables in both hurdles; insignificant variables were gradually dropped, with exclusion restrictions giving identification higher reliability.
In this study, both participation and consumption decisions are postulated to be influenced by the presence of children under fourteen years old within the household (child014), age (age), gender (malehd), marital status (single), education level (highedu) and occupation (whitecollar) of the household's head.
A dummy variable indicating the presence of children is included in the model postulating that the household would not smoke or at least would attempt to moderate tobacco consumption when small children are present (Blaylock and Blisard, 1993; Kerr et al., 2004) . The education variable (equal to one if the household's head has at least a hig e health risks connected with co h school education, zero otherwise) has been often used in previous empirical studies (Jones, 1989; Blaylock and Blisard, 1992, 1993; Yen, 1993 Yen, , 2005 Yen and Jensen, 1996; Garcia and Labeaga, 1996; Yen and Jones, 1996) , suggesting that individuals with better education may be more aware of th nsumption of unhealthy goods such as tobacco and alcohol. Being a white-collar worker reflects the individual's social class and may help in explaining how smoking habits vary among different social groups. Age is considered to assess how age-related health problems affect smoking behaviours and to verify the existence of a significant lifecycle pattern for both tobacco participation and consumption decisions 5 .
In the participation equation, we include an additional variable indicating whether or not the household consumes alcoholic beverages (d_alc), as a proxy for habit formation tendencies (Blaylock and Blisard, 1993 owever, it should be underlined that the validity of the LR tests strongly rests on the misspecified (Yen and Jones, 1996) 
Statistical Tests and Estimation Results
In order to correctly analyze the determinants of tobacco expenditures and to model household smoking behaviours, one first task relates to the choice of the most appropriate model specification. Our selection strategy consists in testing the bivariate model with dependent error terms, which is the most general specification and encompasses all the other bivariate and univariate mode a H assumption that the general model is not rticular homoscedasticity and normality assumptions should not be violated.
Distributional assumptions assume crucial relevance in limited dependent variable models, since maximum-likelihood estimation will lead to inconsistent parameter estimates when normality and homoscedasticity are not fulfilled (Maddala and Nelson, 1975; Arabmazar and Schmidt, 1982 and double-hurdle models may lead to inconsistent results, supporting the necessity of a non-normal generalization of these models. As previously introduced in Section 2, following Yen (1993 Yen ( , 2005 and Jones (1996, 2000) , we consider a Box-Cox transformation of the dependent variable that relaxes normality assumption on the Jarque and Lee (1984), Pagan and Vella (1989) and Wells (2003) 7 6 Details on distributional tests in censored and limited dependent variable models can be found in Bera,
In principle all explanatory variables can be included in the heteroscedasticity specification; however, doing so would considerably increase the number of parameters to be estimated. So we focused our ificantly different from zero. attention only on the variables that are more likely to cause heteroscedasticity and then we tested alternative specification excluding those variables that are not sign conditional distribution of i y and includes as special cases linear and logarithmic transformations. The results of the normality tests also can be interpreted as a strong indication of the superiority of the univariate and bivariate Box-Cox generalizations with respect to their standard counterparts.
Once the diagnostics of the model have been analyzed, we now turn to the choice of the most appropriate model. Figure 1 shows the relationships between all the specifications considered; as can be noted, all restricted models can be obtained by placing the relevant restrictions on the likelihood function (10) and can be interpreted as special cases of the Box-Cox double-hurdle model with dependent error terms 8 .
( Figure 1 about here) learly indicates that dependency is not relevant; this result is in line with findings of Jones (1989), Blaylock and Blisard (19 beaga (1996) and demonstrates that the independent Box-Cox double-hurd odel is an acceptable alternative to the The specification tests carried out are reported in Table 3 . Firstly, we tested the hypothesis of independent errors between participation and consumption equations; the issue of dependency in double-hurdle models is a problem of great relevance, but it has often been disregarded in previous empirical works (Newman et al, 2003; Moffat, 2003 Maximum-likelihood estimates are presented in Table 4 . In order to account for differences in estimated parameters, we report the results of both standard and Box-Cox independent double-hurdle models, even if the discussion is focused only on the latter. Aristei et al., 2005) . As in Jones (1996) and Yen (2005) , the probability of smoking and tobacco expenditure levels decrease with the ag n participation and consumption. In particular, being a single reduces the likelihood to smoke but, limited to the smokers' expenditure.
Turning to explanatory variables, income has a positive effect on household tobacco consumption, while income squared, which accounts for non-linearity relationships, is negative. These outcomes are in line with the findings of Garcia and Labeaga (1996) and imply that tobacco expenditure rises as household income increases, but at a decreasing rate. The estimated age effect e; moreover, the estimated age squared parameter shows a positive non-linear relationship between consumption levels and age.
The estimated parameters of the variables included in both hurdles have the expected signs and indicate that the presence of children under fourteen years old, having high education and being a white collar worker reduce the probability of smoking and the level of tobacco expenditure. The estimated coefficients for the dummy variable indicating the gender of the household's head (malehd) reveal the existence of genderdifferentiated behaviours, with male headed households presenting both a higher probability of smoking and higher tobacco expenditures. It is worth noticing that the marital status variable exerts opposite effects o sub-sample, it increases tobacco Home ownership seems to negatively affect tobacco consumption levels; this result is in accordance with the empirical evidences found by Jones (1989) and Yen (2005) , suggesting that belonging to wealthier social groups may induce moderate consumption.
Finally, the positive coefficient of the dummy variable indicating a non-zero expenditure on alcoholic beverages (d_alc) reveals that the probability of being a smoker is higher for those households that consume alcohol. Moreover, tobacco expenditure is also found to be positively correlated with the level of alcohol consumption, showing the existence of a complementarity relationship between addictive and habit-generating goods.
Elasticities with opposite signs in the two hurdles
In assessing the impact of explanatory variables, the presence of parameter estimates and the Box-Cox transformation, which introduces a non-linearity relationship between T y and y , complicate the interpretation of the estimated effects. Thus, the impact of explanatory variables can be better explored by computing elasticities.
The elasticities of probability, conditional level and unconditional level with respect to explanatory variables are calculated by using the formulas in equation (16). For tatistical inference, standard errors are computed using the delta method (Su and Yen, 996; Spanos, 1999) . (Table 5 about Table 5 . Analysing the effects of the continuous variables, income has a positive effect on both probability and conditional level; the elasticities are both significant and have similar magnitudes (0.076 and 0.087, res ative non-linear relationship implies that the responsiveness of probability and consumption to ch nes as income increases.
The elasticities with respect to age suggest that households with older heads are less lik obability obviously dominates.
pectively) with a net effect on unconditional mean equal to 0.163, a value which is in line with the empirical findings of Yen (2005) . Income squared has the same negative impact on probability and conditional mean, with elasticities equal -0.018 and -0.021 respectively; this neg anges in income decli ely to smoke and, conditional on smoking, consume less tobacco than younger households. This result is consistent with previous studies, even if the estimated effect on the unconditional level is higher than those found by Jones (1996) and Yen (2005) . Moreover, the squared term suggests that the overall responsiveness significantly increases with age.
The level of alcohol consumption positively affects probability and conditional level.
In line with recent empirical evidence (Yen, 2005) , this result reveals that the likelihood that a household consumes tobacco rises as expenditures on alcoholic beverages grow and the existence of significant complementarities between smoking and drinking
The analysis of the effects of binary variables gives further support to the evidence highlighted in the discussion of parameters estimates. In particular, it is worth noticing that education plays a negative and significant role only on the probability but not on the conditional level of smoking. Overall, the impact of education on the unconditional level of tobacco consumption is significant and negative (equal to -0.022) as the negative effect on pr
Differently from all the other categorical regressors, the marital status variable exerts opposite effects on probability and conditional expenditure; more precisely, being a single reduces tobacco consumption probability by about 16 percent, but increases the level of expenditure conditional on the smoking households' sub-sample (the estimate ela ing participation of male-headed ho ed. In particular, this latter result clearly su
Concluding Remarks
expenditure from the 2002 Italian Household Budget Survey. The test strategy to obtain sticity is equal to 0.076). However, given that the negative effect on probability dominates the positive effect on conditional level, the net effect on unconditional expenditure is negative and equal to -0.084.
Analysing the effect of gender, it can be pointed out that the unconditional effect of a male household head compared with a female one is equal to 9 percent and this is mainly due to the greater likelihood of smok useholds, being the estimated elasticity on probability equal to 0.072.
Finally, it should be noted that the categorical variables indicating the presence of children and the participation to alcohol consumption are characterized by the highest values of probability elasticity (equal to -0.429 and 0.761, respectively). These results indicate on the one hand that households tend to moderate smoking when children are present within the family; on the other hand, they show that drinking and smoking behaviours are likely to be jointly determin ggests that the probability of smoking is higher for those households characterized by habit generation tendencies and that are less aware of the health risks connected with tobacco and alcohol consumption.
In this paper a Box-Cox double-hurdle model has been applied to data on tobacco A substantial decline in the participation is found when the age of the household's head increases, together with an important lifecycle pattern in consumption. The estimations suggest that male-headed households have both a higher probability to become smokers and consume more tobacco. The presence of children, high education and a white collar occupation are found to reduce both the likelihood of smoking and tobacco expenditure levels, suggesting that households with low educational levels and belonging to lo nsequences of smoking. Again, the data show that being a single determines a lower probability on smoking initiation, but conditional on smoking, the consumption level is higher.
Finally, complementarities between tobacco and alcoholic beverages consumpt present in both the probability and the level of smoking. This relationship is consistent with a wide literature concerning addiction and suggests that anti-smoking policies and public health strategies aimed at reducing alcohol abuse should be jointly addressed towards those households with higher levels of alcohol and tobacco expenditures.
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